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THCTPYMEHTAPII IPOT'PAMU GEOGEBRA 5.01 HOI'O BUKOPUCTAHHSA
JIJIS PO3B’ I3YBAHHS 3AJIAY CTEPEOMETPII

AHoTanigs. Y cTarTi npoaHanizoBaHO KOMIT IOTEPHI IHCTPYMEHTH IPOTPaMH JWHAMI4HOL
matematukn GeoGebra 5.05ki BUKOPUCTOBYIOTBCS [UIsl PO3B'sI3yBaHHS 3amad CTEPEOMETPIi.
HaBeneno npukiany crepeoMeTpHYHUX 3aad, sIKi CYIPOBOPKYIOTHCS JETAIBHUM PO3B’ SI3aHHSM 1
METOIUYHUM KOMEHTapeM 1 sKi JOIUIbHO pO3B'sA3yBaTH 3a JOMOMOTOI0 i1HTEPaKTHBHOI
reomerpuunoi cucremun GeoGebra 5.0. Cepen Takux 3amad; 3agadi Ha BUKOPHUCTAHHS
JIOTIOMIDXKHOTO TIepepi3y, 3a7adi Ha PO3rOpPTKH, 3aJadi Ha TEOMETPUYHE MiCIle TOYOK, 3aJadi Ha
FEOMETPUYHI TEePETBOPEHHS MPOCTOPY. AKUEHTYEThCS yBara Ha MOXJIHMBOCTI CTBOPEHHS
aBTOPCHKHMX KOMII' FOTEPHUX IHCTPYMEHTIB Y TaHOMY CEPEIOBHIIII.

KurouoBi caoBa: mporpama IUHAMIYHOI MaTEeMAaTHKH; iHTEpaKTHBHA T€OMETpHYHA CHCTEMA;
GeoGebra 5.0;xoMIT’ FoTepHUil THCTPYMEHT; CTEPEOMETpisl; BHKOPHCTAHHS KOMIT FoTepa Ajis
PO3B’ s13yBaHHS 33/1a4 CTEPEOMeETpii.

1.BCTYII

IMocTanoBka npodaemu. [HdpopmaTH3aliss OCBITH y raiy3i MareMaTHKH CHOPUYHHUATIA
AKTHBHE BUKOPHCTAHHS CIICI1aIi30BAaHUX MPOTPAMHHX 3aC001B, CEpPel IKUX OKPEMOIO TPYIIOI0
BapTO BUIUIUTU MPOTPaMH IMHAMIYHOI MaTeMaTUKU a00 IHTEPAKTUBHI T€OMETPHYHI CUCTEMH.
Ix pononauansHMKOM BBakaroTh mporpamy Cabri, 3a aHanorieo 10 AKOi CTaaM Po3pOOIATH i
BIIPOBA/KYBATH 1HIIII MAaTeMaTHYHO Opi€eHTOBaHI cepenoBuina. Hapasi nonynspui Geometer’s
Sketchpad, Gran, DGWamemamuueckuii koncmpykmop, Kusas mamemamuxa, GeoGebra
Toiro. Pa3om 3 1iuM y cBOiil OUIBIIOCTI 3rafaHi MporpamMu ONEpyrOTh 00’ €KTaMH ABOBUMIPHOI
MPUPOIH, 1 Ty’)Ke Majia KUIBKICTh CEPEOBHUII MIATPUMYE PO3B’sI3yBaHHS 3a7ad, B YMOBax
SIKUX MPHCYTHI TPUBUMIpPHI 00’ €KTH 1 BUBYCHHS SKHX BiIOYBA€ThCS HA YPOKaX CTEPEOMETpii.
Takox 3aMainoro, Ha HAII MOTJIA, € KUIBKICTh IMyOJTiKaIlii, &6 MOKHa OyJsio O JAi3HATHCS MPO
0COOJIMBOCTI 3aCTOCYBaHHS MPOrpaM TAaKOTo THUILY IIiJl 4ac PO3B’ A3yBaHHS CTEPEOMETPHUYHUX
3ajay.

AHami3 ocTta”HHiXx gochaimkens 1 myOaikamiii. Cepen mnporpam  AUHAMIYHOT
MaTeMaTHKH, SIKi MM ITPUMYIOTh OIepallii HaJ TpUBUMIpHUMH 00’ €kTamu, 3ragaemo Cabri 3D
(miuensiitna, anrmomoBHHE iHTEepdeiic), Archimedes3DGeo(anrnoMoBHUE 1HTEpdEiic),
GeoGebra 5.0 (BimpHO mommproBaHa, Mae pociiicekuii iHTEepdeiic), Gran3d (BiabHO
MOIIMPIOBaHa, YKpaiHChKOTO BUpOoOHUITBa), Geometria(pociiicbkuii inTepdetic, ane ckiiaaHa
y KopucTyBaHHi) Tomo. KoXHa i3 3a3HaueHUX MpPOrpaM Ma€ sK MepeBard, Tak i HEIOJIKH,
TOMY HE 3aBXIU MOXHA CIpPUWMATH OOpaHW TNPOAYKT SK YHIBEpCAIbHUN 3 MO3UIIIH
MIITPUMKH YChOTO KYpCy CTEPEOMETPIi.

AHai3 3rajaHux CepeoBHUII i HAYKOBO-METOIUYHHX Ipallb MO0 iX 3aCTOCYBaHHS B
HaBYaHHI MIKIIBHOT MaTeMaTHKK CXUJIMB Hall BUOip 10 cepenosuiina GeoGebraske nabysae
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BEIIMKOI TOMYJISAPHOCTI 3aBASKH BUIBHOMY TOIIMPEHHIO, TOCTIHHOMY OHOBJICHHIO ¥
yHiBepcanbHOCTI BigHOCHO OC.

Bepcis cepenosuiiia GeoGebra 5.Q1] € ogniero 3 HAHHOBIMIUX TPOTrpam, SAKi 3’ SBUIHCS
Ha PUHKY JWHAMIYHUX CEPEIOBHII 1 O PO3pOOKU AKHMX AOIMydminncs Haykosui kpain CH/I.
Mo Hei noaHo cTepeoMEeTpHYHI IHCTPYMEHTH, sIKi Y paHHIX BEPCIAX BIJACYTHI: Y CEpEIOBHUIIT
MOXKHa OyayBaTh TpsMi 1 IUIOMIMHHU, 0a30Bi MPOCTOPOBI (irypu, IWHAMIYHO 3MIHIOBATH
pakypc 300paxkenHs (ehekT o00epTaHHs), pPO3POOHMKAMH Tepea0auYeHO MOXKIUBICTh
NPaBUJIBHOTO 300pa)KCHHS BUAMMUX I HEBUAUMEX €JIEMEHTIB («po3yMHiI» pebOpa), imitarito
OCBITJICHHS, MOXKJIUBICTh BUKOPUCTAHHS NIEPCIIEKTUBH.

MetoauuHi mpami ¥ HayKOBO-METOAWYHI JOCITIIKEHHS, SKI OMUCYIOTH OCOOJIHBOCTI
pobOTH y IBOMY CEpelOBHI, NPUKIAAN PO3B S3yBaHHA OKPEMHUX 33/1a4 YW TPOBEACHHS
EMITIpUYHUX JOCIIKEeHb, TPEACTaBICHI B IHTEPHET-TIPOCTOPI 1 MEPIOJUYHUX BUIAHHSAX, ale
Ha Hally DYMKY, iX KUIBKICTh € 3aMajior. BBakaemo 3a moTpiOHE BUAUIMTA pOOOTH aBTOpa
nporpamu Mapkyca XoxenBatepa [2—4], naykoBuiB B. M. Pakyru [5], P.A. 3uaraunosa [6],
I. T. Jlenuyk, A. L. ®panoBcsKkoro [7], aine BOHH yce % CTOCYIOTHCS BUBYECHHS IUTAHIMETPIl i
anreOpu. Takox 3acimyroBye Ha yBary nuceprauiiine nociimkenns T.C. Hlupuxosoi [8],
MPUCBAYCHE HABYAHHIO EMITIPUYHO TIATBEP/DKYBATH TEOpPEeMH IUIaHIMeTpli Ha 0asi
cepenoBuiia GeoGebra Hapa3i mMu He 3ycTpiim JOCHIDKEHb MIOAO BHKOPHCTAHHS
cepenosuina GeoGebra 5.¢ BuBueHHI cTepeoMeTpii.

Merta crarTi — ommcaru Komil 1oTepHi iHcTpymMeHTH GeoGebra 5.0ski 3acTocoBHi
JUISL PO3B’ SI3yBaHHS CTEPEOMETPUYHMX 33/1a4, @ TAKOXK HABECTH IPHUKIAAN PO3B’ I3aHb 3a/1a4 3
IX BUKOPHUCTAHHSIM.

2. TEOPETUYHI OCHOBHU JOCIIKEHHSA

TeopeTHUHUMU OCHOBAaMU JOCITIIDKEHHS €:

— konuenmis indopmaruzamnii ocitu (B. IO. bukos, M. I. XKannak, 10. C. Pamchkuii,
H. B. Mopse, C. O. Cemepikos, 0. B. Tpuyc Ta iH.);

— JISUTBHICHUWA TIiAX1M B OCBITI 1 HOT0 3acTOCYBaHHS 10 HaBYaHHS MaTeMaTHKH
(JI. C. Burorcekuii, H. A. Menuunceka, B. B. JlaBunos, O. b. €mimiesa ta iH.);

— O0COOHMCTICHO-OpPIEHTOBAHWW TMIiJXiJ B OCBITI 1 HOro 3acTOCyBaHHS 10 HaBUYaHHS
MaTEeMaTUKU (3. I. Cnenkans, H. A. Tapacenxkoga, I. C. SIxumancobKa,
1. A. Amonamini, B. B. CepikoB Ta iH.);

— JOCHIIHUIBKUNN MiAXix B OCBITI 1 HOro 3acTOoCyBaHHS /0 HaBYaHHS TeoMeTpil
(C. A. PakoB, 1O.B. Tpuyc. A.B.JleontoBuu, M. 1. Maxmytos, H. 1. Mepiina,
M. B. lllabanoBa, A. B. Slctpe6oB Ta iH.);

— KOTHITIBHO-BI3yaJIbHUM MIJIX1J 10 HAaBYaHHS T€OMETpii 1 HOro MCUXOJIOTIYHI OCHOBH
(O.Tims6ept, B. A. Hamuarep, M. Inen, C.Koun-®occen, H. A. Pe3nuk,
M. 1. bamimakos T1a iH.);

— KOHIIETITYaJlbHI OCHOBM BHUKOPHCTaHHS TMPEIMETHO OPIEHTOBAHMX CEPEIOBUI B

naBuanHi matemaruku (M. . Kannak, C. A. Pakos, 0. B. Tpuyc, 0. B. I'opoiiiko,
O. B. CmiBakoBcbkuid, ['. O. Muxanin, B. H. lyOpoBcekuii, XK.-M. Jlabopn,
B. P. Maiiep, M. XoxenBarep, M. B. IllabanoBa, I'. b. [11ab6ar i iH.)

Cepen MeTOMIB JOCITIKCHHS HAMHM BHKOPHCTaHi meopemuuni (aHali3, MOPIBHAHHS i
y3arajibHEHHS HAYKOBHX IIOJIOKEHb IICHXOJIOTO-TEJaroriYHol JiTepaTypu BITUYM3HAHUX 1
3apyOKHUX aBTOPIB, y TOMY YHCII €JIEKTPOHHUX BUIaHb, IHTEPHET-PECYPCIB 1 HOPMATHUBHOI
JNOKyMEHTaIlil) W emnipuyni (IIECTIPIMOBAHE TENAroriyHe CIIOCTEPEKEHHS 3a Cy0 eKTaMu
HaBYaHHS, aHKETYBaHHs, OCCiIN 3 YUUTEIIMH MATEMAaTHKH).

3. PE3VJIbTATHU JOCIII)KEHHSA

125



ISSN Online: 2076-8184udopmariiiini Texuomnorii i 3acobu nasuanust, 2014, Tom 44, Ne6.

3.1.CranapTHi iHCTPYMEHTH cepeaoBHUII ITMHAMIYHOI MATEMATHKH

Bepcis GeoGebra % minrpumye 3d-popmar, sikuit MOXHA BHKIMKATH 4epe3 MEHIO
Buolllonomno 3D. Tlicns BHUKIMKY IOJOTHO IUIOMIMHU Mpoekiii (XOY) He 3HUKae, a
3aJIMIIAETHCS TOPS 1 AMHAMIYHO 3MIHIOETHCS pa3oM 13 3MiHamu y mosotHi 3D. OcuoHi 3d-
IHCTpYMEHTH HaBejleH1 y Tabmuir 1.

Tabauys 1

OcHoBHi iHcTpymenTH nosorHa 3D cepenoBuina GeoGebra 5.0

Hassa

Oco0a1BOCTI 3aCTOCYBaHHS

Kpusa nepetuny

[ToTpiOHO BKa3aTu JBa MPOCTOPOBHX Tia (Bi cdepH, ABI MIOLIMHH)

HJ'IOIIII/IHa Ucpe3 TpU TOUKU

[ToTpiGHO BKa3aTH TPU TOYKH

IInomuna

[ToTpiOHO BKazaTH TpU TOYKM ab0 TOUKY 1 mpsMmy, abo nBi
MHOTOKYTHHK

npsimi, abo

HepHeH[lI/IKyJ'IHpHa IUIOIIKWHA

[ToTpiGHO 00paTH TOYKY i NEPIEHANKYJISIPHY IPSIMY

HapanenLHa IJIOIIWHA

[ToTpiGHO 00paTH TOUKY i HapajeabHy IUIONIHHY

[ipamina IMoTpibHO BKazaTH ab0 MOOYAYBATH MHOTOKYTHHK (OCHOBY), MOTIM BKa3aTu
a00 1o0yyBaTH BEPXHIO BEPUIMHY
IIpuzma IMoTpibHO BKazaTH ab0 MOOYAYBATH MHOTOKYTHHK (OCHOBY), MOTIM BKa3aTu

200 1o0yayBaTH Mepury BEpXHIO BEPUIMHY

BunasuTu nipamiay i KOHYyC

[ToTpi6HO MPOTITHYTH MHOTOKYTHHK/KPYT a00 BKa3aTH MHOTOKYTHHK/KpYT i
BBECTH 3HAUYCHHsS BUCOTH, 100 moOyayBaTH mipaminy/KOHYC Haa LEHTPOM
OCHOBH

Bunasutn npusMy 9u DWTHID

IToTpiOHO MPOTATHYTH MHOIOKYTHHK/KpYr a00 BKa3aTH MHOTOKYTHHK/KPYT i
BBECTH 3HAYEHHS BUCOTH, II[00 MOOYAYBATH [IPABUIILHY IPU3MY/ LA HAD

Komnyc IMoTpiOHO BKa3aTH IBi TOUKH (TOYKY OCHOBH Ta BEPIIMHY) i BBECTH 3HAYEHHS
pamiyca
Huniaap IToTpiOHO BKa3aTH JIBi TOYKH 1 BBECTH 3HAUYEHHS pajiyca

IIpaBunbHMi TETpaenp

IMoTpiOHO BKaszaTH IUIOMIKMHY (HEOOOB'sA3KOBO) i 1Bi Touku (aBi cycigHi
BEPIUIMHU HUXKHBOT OCHOBH)

Ky6 IMoTpiOHO BKaszaTH IUIOMIKMHY (HEOOOB'sA3K0BO) i 1Bi Touku (aBi cycigHi
BEPIIMHHU HIDKHBOI OCHOBH)
Posroprka [ToTpiOHO BKa3aTH MHOT'OIPAHHUK

Cdepa 3a 1IEHTPOM 1 TOUKOIO

[ToTpiOHO BKa3aTu NEHTP chepH i TOUKY Ha Hil

Cdepa 3a ieHTpOM i pagiycom

IToTpiOHO BKa3aTu IeHTp cdepH i BBECTH 3HAUCHHS pajiyca

00’em

IToTpiOHO BKa3aTH mipaMiny, Ipu3My, KOHYC, IUTIHID, chepy TOIo

3ayBaXuMoO, IO JWHAMIYHA T00yJ0Ba MPOCTOPOBHUX TOYOK MOXKIMBA JIUINE Ha

koopauHaTHIA TiomuHi XOY abo Ha oci OZ, ane psaoK BBEACHHs J03BOJsiE MOOYyIyBaTH
Oyap-s1Ky Touky 3d41pocTopy. 3ayBakumo, IO OiNBIICTH MPOCTOPOBHX Tii (HANPHKIIAI,
mipamiza, TeTpaeap, MWIHAP, cdepa) MOKHA 3aqaTH K 4epe3 PSIOK BBEACHHS, TaK 1 3a
JIOTIOMOTOF0 KHOTIOK 1HTepdeiicy. Ane neski MpoCTOPOBI 00’ €KTHM MOXKHA 3ajaTH JIMIIE 3a
JIOTTIOMOT'0K0 KOMAaHJIHOTO psijika (HampuKIaja, aareOpaiuHa MOBEPXHs, HECKIHYCHHUN KOHYC,
HECKIHUEHHMH UTIHIp, OiCeKTOpHA IIONIMHA). BIacTHBOCTI 00’ €KTIB MOXKHA HANAIITyBaTH
Yyepe3 KOHTEKCTHE MEHIO.

Bech norenmian Bukopuctants 30-IHCTPYMEHTAPil0 PO3KPUBAETHCS il YaC HaBYAHHS
MaTeMaTHKH, TOMY HWXX4Ye oOmnuiieMo 3anyueHHs cepenouma GeoGebreéb.0 no
PO3B’ I3yBaHHS CTEPEOMETPHUYHUX 3a71au.

Mpuknaanx 1. Tpu chepu paniyciB r i R po3mimieHi Tak, oo KoxHa cepa JOTHKAETHCS
no aBox cdep pamiyca r i g0 nBox cdep pamiyca R. Ilentpu ycix chep nexars B omHid
IJIOLIKHI. 3HANTH BiHOmEeHHs paaiycis mux cdep I : R [9].

Memoouunuii komenmap: 3ajada BUMArae BiJl Y4HIB PO3BUHEHOI NMPOCTOPOBOI YSIBH 1
0aveHHS CKJIQJHOI TPUBUMIPHOT KOHCTPYKIIi, TOMY AOLUIBHHM € 3aCTOCYBaHHS MPHAOMY
«BIJIX1JT HA IJIONIMHY», KUN 13 3anydeHHsM cepenoBuina GeoGebrab.0 € pesynbraTUBHUM
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3aBISKM Tiepen0adeHiii po3poOHIUKaMH OJTHOYACHIN JTEMOHCTpaIlli TPUBUMIPHUX 00’ €KTIB 1 iX
IUIOCKOTO TIepepi3y IIIOMUHOIO.

Po36 sa3anns. JIns crBopeHHs cdep OTHAKOBOTO, aje 3MIHHOTO pajiyca, MPOBEAEMO
npsmMy, Ha skiii moOynyemo Biapizku CD i DE — BoHu OyayTh BH3HAa4YaTH 3MiHHI pajiycu
cdep r i R BecranoBumo noaarkose moia0tHO Buodlllonomno 3D, Ha sskoMy TOOYAYEMO TI0 TPH
cdepu 3a moBuTbHUMHU IieHTpamu y twionHi XOY i pagiycamu CD i DE. 3a monmomororo
iHcTpyMeHTa Kpusasi nepeceuenusi 3adiKCyeMO KoOJa, SKI yTBOPIOIOTHCS TEPETHHOM
noOynoBanux chep 3 mwiomuuor. Ha monotHi 2D 3’ sBiATecs kosa npoekiiii. OueBuaHo, 110
3MiHa pakypcy 3D-300pakeHHsI HE JO3BOJIMTH MOOYAYBAaTH 3aJlaHy YMOBOIO KOH(DIrypariiro,
TOMY OyJeMO TpaloBaTH Ha MoyoTHI 2D.

bynemo 3MiHIOBaTH TONOXEHHS KOXXHOTO KOJla J0 THUX TMip, TOKH BOHU HE
pO3TAIIYIOTBCSL TaK, SIK BUMAarae yMoBa. CTa€ 3pO3YMUIMM, IO I[EHTPU KT MAaloTh
3HAXOIUTHUCS Yy BEPIIMHAX MPABUIBHUX TPUKYTHUKIB (puc. 1). 3ayBakumo, 10 pyxaTu KoJja
3py4HO 3a JOIOMOTOI0 TIepEeMIllIeHHs IXHIX IIEHTPIB, a pajiyc 3MiHIOBaTU pyxoM Touok C i E
(pexomenayemo Touky D 3anuimati Ha Micii, 100 0JHOYACHO HE 3MIHIOBAIIUCS PaIiyCH yCix
K1i11).

Komu koHdiryparmito moOymoBaHo, obuuciaumMo moTpiOHe BigHOmeHHs. s 1poro
BU3HAUMMO BifcTanb MK ToukamMu C i D ta D i E abo moBkuHU CTOpiH OAEpKaHUX
tpukyTHHKIB (GH i JK). IToTim momamo momotao CAS(menio Buo/CAS, y sskoMy 004UCITHMO
iHCTpyMeHTOM Bouiuuciums (abo Jecsimuunas Opodwv) MOTpiOHE BIAHOIICHHS: y HAIIOMY
BUIAJKy OOYKMCICHO JBa JUIS MOPIBHAHHS (BIJHOIIEHHS CTOPIH TPUKYTHHKIB 1 BiJHOIICHHS
JIOBXKHH BiJIPI3KiB, 110 BU3HAYAIOTh paniycu chep). BusBiseTsbcs, M0 BiIHOIICHHS paliyciB
takux c¢ep gopisaroe O1.

©F Geobebm (= )

®aiin Mpaska Bup Hacrpoiiku MHCTpymenTs Oko Cnpaska
A / con | ey | em [l sl as2 D >
Ll e >[I CME =1 R -3 5
j e ] ] ) 4 5 w) ) B ) d &
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(| e /]
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Puc. 1. Inmepaxmusne noconanus 2D i 3D 306pasicens nio uac po3é’ azysanmusn 3a0ay
(npuxnao 1)

Ipukaag 2. 3HAUTH [MOBXKWHY HAMKOPOTIIOTO IUIAXY IO TIOBEPXHI KyOa
ABCDAB;C1D; 3 pedpom 1 cMm, 110 3’ ennye Beprau 4 i Ci.

Memoouunuti Komenmap. HAUKOPOTIIUN IUISIX BHU3HAYAETHCS Yepe3 BIJCTaHb MIXK
JBOMa TOYKaMH, aje OOMEXKEHHs 3a/ayi Ha BU3HAYCHHS BIJCTaHI caMe 1O MOBEpXHI Kyba
BUMarae MpOKJIacTH WIISAX, SKUW 3'€Hye 11 TOYKH, L0 Ba)KKO HABITh JJIS TUX, XTO MAa€
PO3BUHEHY MPOCTOPOBY YsIBY. 3aCTOCYBAHHS PO3TOPTKU 3HAYHO CIIPOIILYE PO3B’ si3aHHS, aje ii
nmoOy7oBa 1 HAHECEHHs MOTPIOHWX TOUYOK TaKOXX BHMAararOTh BMiHb OauWTH TPOEKIIil
MPOCTOPOBUX TiJ.
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Po36 az3anns. Jlns Bmanoro 1 HErpomi3akoro 3o00pakeHHs TOOyAOB 3a3najeriib
oOMexxumMo mo3HaueHHsT 00’ ekTiB  (Hacmpotikul Obosnauenus/ Tonvko 0nsi  mouek).
[ToO6ynyemo 1BiI CycigHI BEpUIMHUW HMKHBOI OCHOBHM Ky0Oa 31 cTopoHOI0 1, mis woro depes
koMaHaHUI psagok 3amamo touku A4(1;0;0) Ta B(1;1;0). 3a nomomoror iHcTpymeHTa K)o
nooynyemo kyo ABCDAB;C1D1, BkazaBmu 1Bi CyCiH1 BEPIIHHH.

s Touok 4 1 C1 3miEMMO TX KOJip (HampUKIiIaa, Ha YepBOHUH) i 301IBIIUMO X PO3MIp,
THM CaMHUM BUIUTMMO iX CEpeJl IHINUX BEPIIHH.

3a 10omoMorow iHCTpyMeHTy Pazsepmka moOyqyeMoO po3ropTky kyba (puc. 2), ska
ABTOMATHUYHO 3’ ABUTHCS 1 HA oJI0THI 2D.

* MonotHo EI * [Monotho 3D EI

(9]
=
o
m

Puc. 2.Ilob6yoosa pozecopmru muo2ocpannuxa (npukiad 2)

3ayBaxuMo, 10 Ha BiAMiHy Big cepemoBuma Cabri 3D naHuit iHCTpyMeHT Yy
GeoGebra 5.Gie 103BosIsI€ TOOAYUTH TIPOIEC POSKPUTTS PO3TOPTKH, BiH JO3BOJISE MOOAYNTH
BXKE OCTAaTOYHUH pe3ynabTar. J[o TOro >k Ha pO3roOpTUi JHMIIE TOYKH HHXKHBOI OCHOBHU
3aJIUIIAI0THCS TO3HAYEHUMHU. [HII BY3J10B1 TOYKU PO3TOPTKU HE CHPUNMAIOTHCS, SIK TaKi, 10
Oynu BepmuHamu KyOa (cepemoBuiie Oymye ix sik HOBi). Enmementn, moOynoBaHi Ha KyOi
(mampukiam, TOYKH Ha pebpax, BIAPI3KH HA TpaHsIX), HE MEPEHOCATHCS HAa PO3TOPTKY, i
HaBIAaKH, yce, 110 MOOyJOBaHO Ha pO3TOpTIi, HE BigoOpaxaeThcsi Ha KybOi. KyO i iforo
pO3ropTKa IMHAMIYHO HE TIOB’ sI3aHi.

[To3HauumMo Ha pO3ropTI TOUKY, 1[0 Bigmosigae BepmuHi Ci 1 MOOyIyeMO BiJpi30K
AC,. BuzHaunMo HOro JOBKHHY — Y BIACTUBOCTAX Binapizka ACi1 y myHKTI [loxaswvieamo
0603Hauenue 0bepeMo 3Hauenue. 3ayBaxKUMO, IO MIiCHsA MOOYAOBU PO3TOPTKU 3HAXOIKECHHS
TOYHOTO PO3B’ 3Ky 3a7a4i 3BOJIUTHCS 70 3acTocyBaHHs TeopemH Ilidaropa i ctae oueBuaHUM
—WT"E.

Bionogiow. JloBxuna Biapizka ACy nopiBHioe 2,24,

€ me oxHa ocobnmBicth mporpamu GeoGebra 9), ska BupizHse 11 cepen momiOHHUX
nporpam, — Ii¢ MOKJIHBICTH MOOYIOBH JuHaMiuyHOrOo ciigy it 3d-00' ektiB. OTpumaHHii
CIJI € CTATUYHUM 00’ €KTOM, KM HE MOXXHA JUHAMIYHO 3MIHIOBATH B mojaibimiomy. Ha
Kallb, PO3pOoOHMKaMH Ifi€el Bepcii mporpamu He mepeadadeHo iHctpymeHt 3d-/lokyc.
Haragaemo, mo 11st 1BOBUMIpHUX 00’ €KTiB iHCTpyMeHT Jlokyc aBromatnyHo Oynye ['MT,
SKE€ CIPUUMAETHCS SAK CAMOCTIHHHI MOBHOIIHHHEA 00’ €KT (00 HHOTO MOKHA IPHUB’ SI3ATH
TOYKY, 3HAUTH TEPETUH 3 IHIIUMH 00’ €KTaMU TOLIO). AJile BUKOPUCTAHHS caMe IHCTpyMEHTa
Cnio 3 MO3UIIA METONWKU HAaBYaHHS MaTeMaTHKH MOXe OyTH OLIbIl epEeKTHUBHUM Uepe3
notpely (ikcyBaTH MPOMIXKHI PE3yJIbTAaTH MOIIYKY, YOTO HE T03BOJISIE IHCTPYMEHT JIoK)c.
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Ipukaang 3. Ha mnpsawiii, sika TpOXOAWTH 4Yepe3 TOUYKY A TEPIEHAUKYISIPHO O
IIOIMHN TpUKyTHUKA ABC, B3sTO0 nOBUIbHY TOYKy D. 3maiitu I'MT mneperuny Bucor
tpukytauka DBC [10; c. 36].

Memoouunuii komenmap: yMOBa 3a7adi HE J03BOJIAE BiJpazy MOOAUYUTH PO3B’ SI30K UU
HOTO YaCTHUHY HaBITh THUM, XTO Ma€ TapHY IPOCTOPOBY YsBY. AHAIITHYHE PO3B’ sI3aHHS ITi€l
3a/1a4l TakoXX HE € TpUBIaIbHUM. BBaxkaeMo, MO0 3amydyeHHS CEPEAOBHUIN JIUHAMIYHOI
MaTEeMaTUKH JJI PO3B’ A3yBaHHS € HEOOX1THUM.

Po36’ az3annsa. Anroput™ nodynoBu Moxke OyTH TaKuM:

1) 6yayemo tpukytHuk ABC (Muoz2oyeonvhux);

2) d4epe3 TOUKy A TPOBOAUMO TMpsIMy, SKa MepIeHAuKyaspHa iomuni ABC
(ITepnenouxynspras npsmas),

3) Ha moOynoBaHiit npsiMiii 6epemo noBibHY Touky D (Touxa);

4) 6ynyemo TpukyTHUK DBC (MHozoy2onbHux);

5) npoBoaumo BucoTu BE ta CF tpukyrnuka DBC (iHcTpymentu [lepnenoukynsipras
npsamast, [lepeceuenue, Ompe3ox);

6) 3naxomaumo Touky G neperuny Bucotr BE 1 CF (Ilepeceuenue);

7) y BnactuBocTsax Touku G Bkazyemo Ocmaesnsimo cieo.

Pyxaroun Touky D B310B)k npsimoi, orpumaemo mrykane [ MT (puc. 3).

BusBasiersest, mio 1e koo 3 giamerpom HL (H — Touka mepeTHHY BHCOT TPUKYTHHKA
ABC, L — ocHOBa BUCOTH, sIKa OIylIeHa 3 TOUKH 4 Ha cTopoHy BC), sKe JSKHUTh B TUIONIHHI,
110 MEePIEeHINKYISIPHA TUIONTHHI TpUKyTHUKA ABC.

Puc. 3.11o6yoosa ' MT 3a 0onomoeoro incmpymenma Cnio (npuxnao 3)

3aBnskd  iHCTpyMeHTaM OmpaoiceHue OomHOCUmenbHo naockocmu, Ompadicenue
omuocumenvHo npamou, Ompadxcenue OmMHOCUMENbHO MOYKU, Bpawams obvekm 6oxpye
npsamot, Illapannenvuolii nepenoc no eekmopy, Iomomemuss OMHOCUMENbHO MOYKU
cepenoBuiie GeoGebra ) miarpuMye TakoX OAHY 3 HaWCKIaAHIMUX TeM « eoMeTpuuHi
MepPETBOPEHHS TpocTOpy». L1i IHCTpyMEHTH MOXHA BUKOPUCTATH Yepe3 IMaHeNIb IHCTPYMEHTIB
aktuBHOrO 3D-MIONIOTHA.

Takox y cepenoBuil mnepeadadyeHo MOXIIMBICTE 3D-TiepeTBOpeHb isi 00’ €KTIB, fKI
3aaHl aHAIITHYHO. | SIKIIO TUHAMIYHI MEPEeTBOPEHHS TPUBUMIPHUX 00’ €KTiB 1 moOymoBa
CITiy 1 pO3rOPTKU MOXIHBI i1 y cepenonuiii Cabri3D, To ocranHs XxapakTepuUCTHKA TO3BOJISE
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ropoputd mpo mnporpamy GeoGebra ®) sk morykHy # yHiBepcalbHy KOMIT IOTEPHY
HiATPUMKY KypCYy CTEpeOMETii.
Ipuxaan 4. 3uaiitu piBHSAHHA 00pa3a MIomMHN @ :2X+Yy—2z-1=0, skuii ogepxaHo

micHs  MapajelnbHOrO TIePEHECeHHS IUIomMHE Ha Bektop AB  (3amani koopaunHatu
touok A(L-1-2) i B (311)) i cuMeTpi€ro BiTHOCHO IUIOLIMHU f3, KA MPOXOIUTh Yepe3 TOUKY
A mapanensHO 10 momuHn X—2y+3z2-5=0.

Memoouunuii komenmap: 3anadya po3paxoBaHa Ha MOMNIMOJIGHUIH piBEHb HABYAHHS
MaTEeMaTUKH 1 TPAIUIIHHO PO3B SI3YETHCS aHANITUYHUMU TEPETBOPEHHAMH. Taky 3amady
MOJKHA 3YCTpiTH i B Kypci aHaTiTUYHOI reoMmerTpii. I[i po3B’'s3aHHs y cepeloBHILI
GeoGebra %) gae MOXKIHMBICTH HIBHIKO OJCPKATH PIBHIHHSA 00pa3y, a TAK0OK MPOCITIIKYyBaTH
3a OTO TIOJIOKEHHSIM BiTHOCHO BUXIJTHUX 00’ €KTIB.

Po36 a3anna. Yci 3amani o0’ €KTH 3aamMoO 4Yepe3 pPsIOK BBEIACHHS: IUIOIMIUHY O —

Oe3mocepeiHbO piBHAHHSIM, BekTop AB — komanmoro Bexmop[A,B], wiomwny [ —
KoMaH1010 Ilnockocmu[A, X—2y+3z2-5=0].
BukoHaemMo croyaTKy mapaieibHe MEpEeHECeHHs IUTOmMHM ¢ Ha Bektop AB 3a

JONIOMOroK0  iHCTpyMenTa [lapannenvmwiii nepenoc no eexkmopy (puc. 4a). OTpumaemo
wiomuny @' . TloTiM BimoOpasuMo IUIOHIMHY @' BiIHOCHO IUIOMIMHH [ 3a JOIMOMOTOI0

iHcTpymMenta Ompaosicenue omuocumenvho niaockocmu (puc. 46). OTpuUMaeMo IIyKaHy
wiomuHy @" 11i piBHAHHSA Y n071 [1anens 06bexkmos.

€7 GeoGebra [ == %7 GeoGebra (== Ea ==

©aiin Mpaska Bun Hacrpoiikn WkcTpymentsl Oxo Cnpaska ®aiin paska Bup HacTPoilkW VIHCTPYMENTE OKkHO Crpaska
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) ) ) P 2
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Baog D) Sy

Puc.4a. I[lapanenvhe nepenecents niowuHu Puc.46. Bioobpaoicens 6i0HOCHO NILOWUHU
na eekmop (npuxnao 4) (npuxnao 4)

Xoua Bepcis 5.0 cepemosuma GeoGebrai Hamae mIMPOKi MOMXKIMBOCTI TiJ Yac
CTBOPCHHSI CTEPEOMETPUYHUX KOH(Irypami, 1 BC€ XK «BIIUTHX» KOMIT IOTEPHUX
iHCTpyMeHTIB /uia 3D-maninynsniil inkonu OyBae HeJOCTaTHBO. Po3ymitoun 11e, po3poOHUKH
nepe0avnI MOKIIUBICTh CTBOPEHHS aBTOPCHKUX IHCTPYMEHTIB.

Ipukaag 5. Crtoputu iHCTpyMEHT Kym Mmidc npsamoro ma NiowuHow, SKHH 3a
3aJJaHMMH TUIOIIMHOIO 1 IPSIMOIO BU3HAYA€E KYT MiXK HUMHU.

Memoouunuii komenmap: 1s 3a7ia4a € TUIIOBOIO VI KYpCy cTepeoMeTpii i aHaiTHUHOT
reomerpii. Bumora cTBOpHTH camMOMy Takuil IHCTPYMEHT JO3BOJIUTH TIATBEPIUTH YH
CIPOCTYBATH PO3YMIHHS yYHEM UM CTYJIEHTOM CYTi 3a/adi, a. OT)KEe. JO3BOJIMUTH BHU3HAYUTU
piBeHb 3HaHb 3 TEMH W YMiHb OINEPyBaTH KOMI IOTEPHUMHU 1HCTPYMEHTAMU IS
O3B’ I3yBaHHS 3aJ1a4i.

Po36’ a3annsa. [lnommHy 1 IpsiMy MOXKHA 337aTH Yepe3 PSAAOK BBEJCHHS, ale MH 3a7aMO
ix 3 ekpana Toukamu A, B, C(mwist miomunu), D, E (nns npsmoi), siki motiMm cxoBaemo. st
no0yI0BaHUX IUIOMIMHM 0. 1 MPAMOI b BU3HAYMMO 1X TOUKY mepeTruHy — Touky F. Ha mpsiii
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b nmoBimbHO mOOymyemo Touky G 1 mpoBeaemMo uepe3 Hei mpsAMy ¢, sdKa Oyae
NEPNEHIUKYJIAPHOIO 10 IUIOIMHU O. 3HOBY BHM3HAUMMO TOYKY IEPETHMHY — TOUYKy /.
[Tobynyemo Binmpizok FH. 3naiinemo kyT, sikuii Bu3HadeHo Toukamu G, F, H 1 axuii €
nrykanuMm (puc. 5).

-Qﬁeuﬁebra g@
Gafn lNpaska Buo HacTpodkk MHCTpyMeHTel OKHO Cnpaska
IDDDDDDDDDDDD@D -

gy =
* [MaHens o6bekToB * [NonoTHo 30 =
= Angle3D = ""1——\_,_‘ _

L9 q=3961° " T
= Line3D ’
@ prX=(121,0,0)+A(1.21,0,1.4] -
5 c:X=(08,0,0.49) +A(-3.26, 3. —_
= Plane3D
. &
= Point3D
0 0,3.03)
-0 E=(0,0,1.44)
L4 F=(0.38,0,189)
i@ G=(08,0,049)
@ H=(0.03,0.77,0.77)
= Segment3D
2 d=14
= Touka

=0 A=(1.01,0,0)

Beog: (]

Puc. 5. Cmeopenns aemopcokoco komn' iomepho2o incmpymenma (npuxiao 5S)

Hani  obupaemo nyHKT MeHIO  HAucmpymenmoll Cozoams — uncmpymenm:. K
pe3yAbTYIOUH 00’ €KT TMPOIMOHYETHCS KYT, BUXIIHUMH OO0 €KTaMHU Mporpama IpOINOHYE
3pooutn Touku A, B, C, D, Eane mu ix Bugammo, a HATOMICTh MPU3HAYMMO TUIOIIHUHY 0O, 1
npsmy b. Skmo yce 3po0iaeHo KOPEeKTHO, TO MporpaMa 3arporoHye y BKIaai Ams u 3Hauok
BBECTH IM'si HOBOCTBOPEHOTO I1HCTpYMEHTa i HOro Bi3yajbHY MO3Ha4Ky. [loTiM y MeHIo
Hnempymenmull Ynpaenenue uncmpymenmamu HaTuCHeMO Ha KHOUKY Coxpanums Kax... i
BUOEpEeMO Ha3BY JJIS IHCTpYMeHTa — Kym Midic npamoro ma niowuHoro.

4. BUCHOBKHU TA IIEPCIHIEKTUBU INOJAJIBIIUX JOCIIIKEHD

[IpoBeneHe nOCHiIKEHHS 1€ MiICTaBU CTBEPKYBATH TaKe.

1) 3 orsiy Ha Te, 110 HABYAHHS TeoOMeTpPil Mae GazyBaTucs Ha oOpa3ax MaTeMaTHUYHUX
00’€KTiB, 11X CTBOpPEHHS I oOmepyBaHHS HHMH Y CIELiaIi30BaHUX KOMII IOTEPHUX
CEPEIOBUINAX MOXKE CTaTH TIEI0 OCHOBOIO, sKa 3a0€3MEeUYUTh IIBUAKE 1 SIKICHE 3aCBOEHHS
CKJIaTHOTO CTEPEOMETPUYHOTO MaTepiaiy.

2) Cepen po3MaiTTs KOMIT FOTEPHUX MPOTPaM MaTEeMaTHYHOTO CIPSIMYBaHHs HEBEIHKA
iX KUTBKICTB JO3BOJISIE ONIEPYBATH TPUBUMIPHUMU I'€OMETPUYHUMHU OO€KTAaMH 1 3 HAJHIIKOM
MIATPUMYBATH KYpC CTEPEOMETPIi YKPaiHCHhKUX 3aralbHOOCBITHIX IIK1JI.

3) Mu pekoMeHAyeEMO 3ajlydaTd JIO HaBYaHHS CTEPEOMETpii came CepeOBHIIC
GeoGebrab5.0 ockinbkr BOHO BiIBHO PO3MOBCIOUKYETHCSA, Ma€ 3pO3yMiTHil iHTEpdeiic,
MOCTIAHO OHOBJIIOETHCS, JJO3BOJISIE CTBOPIOBATH 1 TMHAMIUHO 3MiHIOBAaTH MPOCTOPOBI 00’ €KTH
K 3 €KpaHa, TakK i yepe3 PsAA0K BBEICHHS 3a JOMOMOTOK BEJIMKOI KUTBKOCTI BITUTHX KOMAaH/I.
JlocmiKeHHsT TOUUTBHOCT] 1 MOXKIIMBOCTEH HOro BUKOPUCTAHHS Y BUBYCHHI OCHOBHHMX TEM
KypCcy CTepeoMeTpii MiATBEpAWIO TO3UTUBHUN BIUIMB Ha BCIX CyO €KTIB HaBUYaJIbHOTO
npoIiecy.
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AnHoTamusi. B crathe mpoaHATU3UPOBAHBI KOMIIBIOTEPHBIC HMHCTPYMEHTHI IPOTrPaAMMEI
quHamMudeckoi maremartukun GeoGebra 5.0,koTopbie HCHONB3YIOTCS MPH PELICHUM 3a1ad
ctepeoMeTpun. [IpuBeneHsl NpUMepbl CTEPEOMETPUYECKUX 3aAad, KOTOpBIE COMNPOBOXKIAIOTCA
HOAPOOHBIM pEIIEHNEM M METOIUYECKMM KOMMEHTApHEM U KOTOpHIE LIEIecO00pa3HO pelarhb
MOMOIIIBI0 HHTEPAKTUBHON reomerpuueckoil cuctembl GeoGebra 5.0.Cpeau Ttakux 3amau
paccMOTpeHBl 3aJayd Ha HMCIOJb30BaHUE BCIIOMOTATENILHOTO CEYEeHMs, 3aladyd Ha pPa3BEpTKH,
3ala4d Ha TEOMETPHYECKOE MECTO TOYeK, 3aJadl Ha TeOMETpHUYeCKHe MpeoOpa3oBaHUs
MPOCTpaHCTBAa. AKIICHTUPYETCS BHUMaHKE Ha BOZMOXKHOCTH CO3JIaHHS aBTOPCKUX KOMIIBIOTEPHBIX
WHCTPYMEHTOB B TaHHOH cpere.

KiwueBble ciioBa: nporpamMMa JIMHAMHUYECKOW MaTeMAaTHKH, WHTEPAaKTHBHAs reOMETpUYecKas
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cuctema;, GeoGebra 5.0; KOMIbIOTEpHBIH HHCTPYMEHT; CTEPEOMETPHS; HCIOJIb30BAHUE
KOMIIBIOTEPA MPU PELICHUU 3a/1a4 CTEPEOMETPHUU.
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9.

Abstract. Computer tools of the dynamic mathematics softwaeeGebra 5.0, which are used in

the solution of solid geometry problems, are aredyin the article. Examples of solid geometry

problems, that are advisable to solve with the loélmteractive geometry system GeoGebra 5.0,
with detailed solution and methodological commemt presented. Among these problems there
are problems that use an auxiliary section, problem the polyhedron net, locus problems,
problems on geometric transformations of the sp@hbe.focus is on the possibility of creation of

copyright of computer tools in the environment.

Keywords: dynamic mathematics software; interactive geomggstem; GeoGebra 5.0; computer
tool; solid geometry; the use of computer in savéolid geometry problems.
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